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Assistant Commissioner for Patents 
Washington, DC 20231 



Examiner: 
Group Art Unit: 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of: 

Fukuyo et al. 
Application No.: 

Corresponding International Filing No.: 
PCT/JPOO/07411 

Filed: Herewith 

For: TITANIUM TARGET FOR 
SPUTTERING 



FIRST PRELIMINARY AMENDMENT 



Sir: 

Before calculating the filing fee, please amend the above-identified patent application 
as follows. 



In the Claims: 

Cancel multiple dependent claims 3 and 4. 



REMARKS 

Please enter this preliminary amendment before calculating the filing fee. The 
multiple dependent claims have been canceled. 

Please charge any deficiency or credit any overpayment to our deposit account no. 08- 

3040. 



Respectfully submitted, 
Howson and Howson 
Attorneys for Applicant 
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In re the Application of: 

Fukuyo et al. 
Application No.: 

Corresponding International Filing No.: 
PCT/JPOO/07411 

Filed: Herewith 

For: TITANIUM TARGET FOR 
SPUTTERING 



Examiner: 
Group Art Unit: 



Box PCT 

Assistant Commissioner for Patents 
Washington, DC 20231 



SECOND PRELIMINARY AMENDMENT 



C Sir: 



Please amend the above-identified patent application as follows. 



The format of this Amendment complies with 37 CFR §1.121 "Manner of making 
amendments in applications" as amended on November 7. 2000 pursuant to the "Patent 
Business Goals Final Rule". Thus, according to 37 CFR §1.121(b)(ii) and (c)(i), amended 
paragraphs of the specification and amended claims are provided in a form "without 
markings"; and according to 37 CFR §1.121(b)(iii) and (c)(ii), the amended paragraphs of 
specification and the amended claims are also provided, on a separate page, "marked up" t( 
show the changes. 



In the Specification; 

On page 1, on the line above the title, delete the word "SPECIFICATION". 

On page 1, on the first line below the title, replace the subheading "Technical Field" 
with the subheading --FIELD OF THE INVENTION--. 

On page 1, line 16, replace the subheading "Background Art" with the subheading 
-BACKGROUND OF THE INVENTION--. 

On page 4, line 16, replace the subheading "Disclosure of the Invention" with the 
subheading -OBJECTS OF THE INVENTION-. 

On page 4, between lines 21 and 11, insert the subheading -SUMMARY OF THE 
INVENTION-. 

On page 5, line 20, replace the subheading "Best Mode for Carrying Out the 
Invention" with the subheading -DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT-. 

On page 13, line 7, delete the subheading "Industrial Applicability". 



In the Abstract; 

Please enter the abstract on a separate page as attached. 



In the Claims: 

Amend claims 1 and 2, as follows. [Format corresponding to 37 CFR §1.121(c)(i), ie. 
"without markings".] 



1 (Amended). A titanium target for sputtering comprising a titanium sputtering target 
in which a concentration of oxygen contained in the titanium target is less than 20ppm and an 
average grain diameter of said target is 20jam or less. 



iy= 2( Amended). A titanium target for sputtering comprising a titanium sputtering target 

o 

O in which an impurity concentration of gas components including oxygen, nitrogen and 

la ■ 

;l2 hydrogen contained in the titanium target is 20ppm or less. 

m 
m 

13 Add new claims 5-14, as follows: 

pi 5(New). A titanium sputtering target according to claim 1, wherein said target has a 

Vickers hardness (Vs) of 120 or less. 



6(New). A titanium sputtering target according to claim 1, wherein said target has a 
total content of alkali metals and alkali earth metals including Na and K of 5ppm or less, a 
total content of heavy metals and light metals of 1 Oppm or less, and a total content of 
radioactive elements including U and Th of Ippb or less. 

7(New). A titanium sputtering target according to claim 5, wherein said target has a 
total content of alkali metals and alkali earth metals including Na and K of 5ppm or less, a 

3 



total content of heavy metals and light metals of lOppm or less, and a total content of 
radioactive elements including U and Th of Ippb or less. 

8(New). A titanium sputtering target according to claim 2, wherein said target has a 
Vickers hardness (Vs) of 120 or less. 

9(New). A titanium sputtering target according to claim 2, wherein said target has a 
total content of alkali metals and alkali earth metals including Na and K of 5ppm or less, a 
total content of heavy metals and light metals of lOppm or less, and a total content of 
radioactive elements including U and Th of Ippb or less. 

10(New). A titanium sputtering target according to claim 8, wherein said target has a 
total content of alkali metals and alkali earth metals including Na and K of 5ppm or less, a 
total content of heavy metals and light metals of lOppm or less, and a total content of 
radioactive elements including U and Th of Ippb or less. 

11 (New). A titanium sputtering target according to claim 2, wherein said target has an 
average grain diameter of 20//m or less. 

12(New). A titanium sputtering target according to claim 8, wherein said target has an 
average grain diameter of 20^im or less. 

1 3(New). A titanium sputtering target according to claim 9, wherein said target has an 
average grain diameter oflO/um or less. 



14(New). A titanium sputtering target according to claim 10, wherein said target has 
an average grain diameter of 20/^m or less. 



Version of Amended Claims 
with Markings to Show Changes Made 
Corresponding to 37 CFR §1.121(c)(ii) 



1 (Amended). A titanium target for sputtering [wherein] comprising a titanium 
sputtering target in whicli [the] a concentration of oxygen contained in the titanium target [for 
sputtering] is less than 20ppm [or less] and [the] an average grain diameter of said target is 
20Aim or less. 



frf, 2(Amended). A titanium target for sputtering [wherein] comprising a titanium 

h 

Q sputtering target in which [the] an impurity concentration of gas components [such as] 

p including oxygen, nitrogen and hydrogen contained in the titanium target [for sputtering] is 

m 

IP 20ppm or less. 

i 

O 

m 
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REMARKS 



Multiple dependent claims 3 and 4 were canceled in the First Preliminary Amendment. 
New dependent claims 5-14 are added in this Second Preliminary Amendment. Thus, claims 
1, 2 and 5-14 are pending. 

The subheadings in the specification have been amended according to standard U.S. 
practice. No new matter was added. 

An abstract has been added on a separate page. The abstract substantially corresponds 
to the abstract on the cover page of the PCT application. No new matter was added, 
m Claims 1 and 2 have been amended to better comply with 35 USC § 1 12, second 




paragraph. No new matter w^ added. 



4. No new matter was added. 



New claims 5-14 recite the subject matter in canceled multiple dependent claims 3 and 



Applicants respectfully request consideration of claims 1, 2 and 5-14. 



e 

Q 

m 



Charge any additional fees due to our deposit account no. 08-3040. 



Respectfully submitted, 
Howson and Howson 



Attorneys for Applicant 



William Bak 

Reg. No. 37,277 

Spring House Corporate Center 

Box 457 

Spring House, PA 19477 
(215) 540-9216 
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TITANIUM TARGET FOR SPUTTERING 



ABSTRACT OF THE INVENTION 

A titanium sputtering target that contains a concentration of oxygen in an 
amount of 20 ppm or less and has a maximum grain diameter of 20 jum or less. The 
target permits a sputtering operation to be accomplished substantially free from the 
formation of particles or the occurrence of an abnormal discharge phenomenon. In 
addition, the target contains a reduced amount of contaminants and is soft. 
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Box PCT 

Assistant Commissioner for Patents 
Washington, DC 20231 



VERIFICATION OF TRANSLATION 



Sir: 

I, Isamu Ogoshi, having been warned that willfiil false statements and the like are 
punishable by fine or imprisonment or both, under section 1001 of Title 18 of the United 
States Code, and may jeopardize the validity of the above-captioned application and any 
patent issuing thereon, declare: 

(1 ) I am a patent attorney authorized to practice law in Japan and am engaged in 
the practice of law with TecLaw Patent & Law Office at Nishi-Shimbashi Sato Bldg. 7F, 4-1 , 
Nishi-Shimbashi 3-chome, Minato-ku, Tokyo 105, Japan. 

(2) I am fluent in the Japanese and English Languages. 

(3) I have reviewed the attached translation, and certify that it is an accurate 
English translation of the Japanese language international application of Hideaki Fukuyo, 



Yuichiro Shindo and Hideyuki Takahashi, filed on October 24, 2000 and given International 
Application No. PCT/JPOO/07411 . 

(4) All of the statements made herein of my own knowledge are true and all 
statements made herein on information and belief are believed to be true. 



Date 



Isamu Ogoshi 
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SPECIFICATION 
TITANIUM TARGET FOR SPUTTERING 



Technical Field 

The present invention relates to a high-cjuality titanium 
target for sputtering capable of significantly reducing the 
Impurity concentration of gas con^onents such as oxygen , nitrogen 
and hydrogen contained in the titanium target for sputtering, 
and effectively suppressing the formation of particles upon 
deposition . 

The impurity concentration of gas conponents such as oxygen , 
nitrogen and hydrogen described in the present specification 
will be displayed in mass% in all cases. 

Background Art 

In recent years, various electronic devices have been 
devised beginning with the escponential advancement of 
semiconductors, and the iit^rovement of such functions as well 
as the development of new devices are being sought on a daily 
basis . 

Under these circumstances, there is an inclination toward 
the miniaturization of electronic devices and equipment and 
increase in the degree of integration thereof. Numerous thin 
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films are formed during the manufacturing process of many of 
such devices and equipment, and titanium, from its unique 
metallic property, is used in the formation of thin films of 
various electronic devices as titanium and its alloy film, 
5 titanium silicide film, or titanium nitride film. 

Upon forming such titanium (including metal alloys and 
compounds) films, attention must be given to the fact that the 
titanium film itself requires a high degree of purity. 

The thin films used in semiconductors and the like are 
10 made even thixmer, shorter eind smaller, and, since the mutual 

111 distance thereof is extremely small and the integration density 

P 

^ is being inproved, there is aproblem in that the substance forming 

the thin film or the impurities contained in such thin film will 

r, 

diffuse to the adjacent thin films. This will result in the 
15 off-balance of the constituents of the original film and the 
adjacent films, and there is a significant problem in that the 
primary function of the film will deteriorate. 

In the manufacturing process of this type of thin film, 
there are cases where the application of heat reaches several 
20 hundred degrees, and the teinperature also rises during the use 
of electronic devices equipped with semiconductor devices. This 
kind of rise in temperature further increases the diffusion speed 
of the aforementioned siobstances, euad will result in a 
significantproblem where the functions of the electronic devices 



will deterloratie . 

Moreover, generally speaking, the aforementioned 
titanium and its alloy film, titanium silicide film or titanium 
nitride film can be formed with a physical deposition method 
such as sputtering or vacuiom deposition . Es^lained below is the 
sputtering method which is used most conprehensively among the 
above. This sputtering method is a method of physically colliding 
a positive ion such as Ar"^ to a target disposed on a cathode 
and releasing the metal atoms constituting the target with the 
collision energy thereof. 

Nitride may be formed by using titanium or its alloy (TiAl 
alloy, etc.) as the target and conducting sputtering under a 
mixed gas atmosphere of argon gas and nitrogen. 

When Impurities exist in the titaniimi (including alloys 
and confounds) target upon forming this sputtering film, 
coarsened particles floating in the sputtering chamber reach 
the substrate and cause disconnection or short circuit of the 
thin film circuit, increase the fozmation amount of particles 
that cause protrusions on the thin films , and, during sputtering 
in which gas components such as oxygen, hydrogen and nitrogen 
exist, cause abnormal electrical discharge thought to be caused 
by the outburst of such gases . Thus , there is a problem in that 
a VLnlform film cannot be fojnned. 

Due to the foregoing problems , it goes without saying that 



l-t Is necessary 1:o reduce conven-tlonal Impurities such as 
trans itionme-tal, high melting point metal, alkali metal, alkali 
earth metal or other metals. Nevertheless, the aforementioned 
particles are formed even when decreasing the elements thereof 
as much as possible , and the current status is that the fundamental 
solution for such problems is yet to be discovered. 

Furtheznmore, although there are cases where the titanium 
thin film is used as a pasting layer for preventing the formation 
of particles upon forming a titanium nitride Ti-N film, the film 
is hard and sufficient adhesive strength could not be obtained, 
nor would it function as a pasting layer since it would peel 
off from the izmer wall of the film-forming equipment or its 
con^onents. Thus, there is a problem in that this would cause 
the formation of particles. 

Disclosure of the Invention 

An object of the present invention is to overcome the 
various foregoing problems, and particularly to provide a 
titanium target for sputtering free from the formation of 
particles or occurrence of abnormal discharge phenomenon, having 
a reduced content of contaminants, and which is soft. 

The present invention provides 1) a titaniiam target for 
sputtering wherein the oxygen contained in the titanium target 
for sputtering is 20ppm or less and the average grain diameter 



of such target is 20pin or less ; 2) a titanium target for sputtering 
wherein the impurity concentration of gas conponents such as 
oxygen, nitrogen and hydrogen contained in the titanium target 
for sputtering is 20ppm or less; 3) a titanium target for 
sputtering according to 1) or 2> above, wherein the Vickers 
hardness (Vs) is 120 or less; and 4) a titanium target for 
sputtering according to any one of 1) to 3} above, wherein the 
total content of alkali metal and alkali earth metal such as 
Na and K is 5ppm or less, the total content of heavy metal and 
light metal is lOppm or less , and the total content of radioactive 
elements such as U and Th is Ippb or less. 

Brief Description of the Drawings 

Fig. 1 is a correlation diagram showing the acciuaulated 
power and formation status of particles of the Exanple. 

Fig. 2 is a correlation diagram showing the accumulated 
power and formation status of particles of Comparative Exairple 
1. 

Best Mode for Carrying Out the Invention 

With the titanium target for sputtering of the present 
invention, the oxygen contained in the target is 20ppm or less, 
and the maximum grain diameter of the target is 20pm or less. 
When the contained oxygen exceeds 20ppm and the maximum grain 



diameter of the target exceeds 20piin, as described later, the 
f ozmation of particles will increase gradually pursuant to the 
progress of sputtering. 

Conventionally , since there is an inclination for the grain 
diameter to become coarser when reducing the oxygen content, 
attempts were not made for precisely adjusting the two. 
Nevertheless, in the present invention, it was discovered that 
the reduction of oxygen content and the prevention of grain 
diameter coarsening are particularly effective in preventing 
the formation of particles. 

Moreover, since gas components such as nitrogen and 
hydrogen other than oxygen existing on the titanium target show 
similar behavior as oxygen , it is preferable that the total amount 
of impurity concentration of gas components such as oxygen, 
nitrogen and hydrogen be 20ppm or less. 

Further , when the impurity concentration of gas cos^onents 
such as oxygen , nitrogen andhydrogen is 2 Oppm or less , the Vickers 
hardness (Vs) is 120 or less, and a soft film may be formed. 
By way of reference, the Vickers hardness (Vs) of an ordinary 
high-purity titanium target is 150 , and a considerable fall in 
hardness can be acknowledged. 

Upon manufacturing high-purity titanium, during fused 
salt electrolysis, it is necessary to sufficiently dry (vacuum 
drying and dehydration at 300 "C or higher) the salt to be used. 



and to fur-ther store the raw materials and the like under a dry 
atmosphere . 

In addition, the atmosphere during fused salt electrolysis 
Is made Into an Inert atmosphere such that the outside air will 
not flow In. If possible, this process should be carried out 
under an atmosphere wherein the humidity Is 30% or less since 
there Is fear of air being nnlxed in at the time of opening and 
closing the valve during the extraction of electro-deposited 
Tl. 

Further, during electrolysis, the process is carried out 
upon making the initial cathode current density 0 . 6A/cm^ or less, 
which Is a low current density. It is ther^y possible to obtain 
an electro-deposited Ti having an oxygen amount of 20ppm or less . 

The electrolysis tCT^jerature is set to 600 to 800 "C. If 
the tentperature is less than 600"C, the electro-deposited Tl 
will become sponge-like, and oxygen will Increase. Meanwhile, 
if the temperature exceeds 800 "C, deterioration of crucible 
materials or the like and evaporation of salt will become more 
frequent, and productivity will worsen. 

Moreover, it is preferable that the electro-deposited Tl 
obtained from the raw materials is 80% (yield) or less. If the 
percentage Is any higher, this will cause the Increase of 
iB^urlties such as oxygen. 

The electro-deposited Ti obtained thereby is cleansed with 



purified wa1:er (acid cleaning it: not preferable as the surface 
will become oxidized) , euad, after drying, it is stored in a vacuum 
or under an inert atmosphere, thereafter pressed under a dry 
atmosphere, and is further EB (electron beam) dissolved. It is 
thereby possible to avoid significant increase of oxygen at the 
time of £B dissolution and to suppress the amount to 20ppm or 
less. 

Next, a billet is prepared by performing hot plastic 
processing such as hot forging or hot extzrusion at 700 "C or higher 
in which dynamic re-crystallization occurs, preferably between 
800 "C and 950 "C, to the EB dissolved ingot having an oxygen 
concentration of 20ppm or less and to which precise component 
control has been conducted, in order to break down the unevenness 
of such ingot and the coarsened cast structure and to make them 
even and minute. 

Cold plastic deformation such as cold forging or cold 
extrusion is repeatedly in^lemented to the billet obtained as 
described above, and, by applying strong deformation to the 
billet, the crystalline structure of the target ultimately 
becomes an even and minute structure of 20vmi or less. 

Then, this billet is cut in order to prepare performs 
corresponding to the target volume . Cold plastic processing such 
as cold forging or cold extrusion is further performed to these 
performs in order to apply strong deformation and to process 



the -target: into a discoid shape or the like. 

Moreover, heat treatment at 400 to 500 "C is performed for 
a short period of time to the target having a processing structure 
accumulated with such strong deformation upon rapidly raising 
the temperature by using a fluidlzed bed furnace or the like. 
A target having a minute re-crystalllzed structure of 20)3m or 
less is thereby obtained. 

Exeaaple 

Next, an example of the present invention is explained. 
The present exan^le is merely an exairple and this invention shall 
not be limited thereto. In other words, modes or modifications 
other than the examples Included in the scope of technical ideas 
of the present invention shall be covered in their entirety. 

Upon manufacturing high-purity titanium, a chloride bath 
of sodium chloride (NaCl) -potassium chloride (KCl) was foremost 
used as the electrolytic bath. 

Prior to the use of this electrolytic bath, sufficient 
vacuum, drying and dehydration were conducted at 500 'C for 20hr . 
Nickel abundant in corrosion resistance was used for the 
electrolysis vessel and its peripheral equipment in order to 
avoid mix-in of in5)urities and to prevent contamination. 

Electrolysis was performed at an electrolysis temperature 
of 740 "C, cathode initial current density of 0.3A/cm^, and under 
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an Ar atmosphere. 

The electro-deposited Ti obtained thereby was cleansed 
with purified water and, after drying and dehydration, pressed 
under an atmosphere wherein the humidity is 10% or less. 

After the above, electron beam dissolution is performed 
thereto. Although alkali metal elements will increase due to 
fused salt electrolysis , this will not be a particular problem 
since they can be considerably reduced with this electron beam 
dissolution. Moreover, this will also significantly reduce 
in?>urities of gas con^jonents such as hydrogen. Since it is 
necessary to suppress the increase of oxygen as much as possible 
in this process, this process is performed under a high vacuum. 

Radioactive elements U and Th will become condensed in 
the bath during electrolysis, and will further decrease as 
iutpurities of electro-deposited titaniiim. Next, the EB dissolved 
ingot was forged and rolled, and rapid heat treatment was 
performed at 400 to 500 *C. 

Pursuant to the precise component control in the foregoing 
process, the concentration of oxygen became 20ppm or less, and 
the average grain diameter of the material became 20pm or less. 
After processing this into a target shape, sputtering was 
perf ozmed with an actual production machine , and the accumulated 
power and the formation of particles were observed. 

The results are shown in Fig. 1. Particles on an 8-inch 
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wafer and of 0.3|im or more were counted. 

Although the formation of particles increased slightly 
from the initial stages of sputtering up to the accumulated power 
reaching 400kWh, it is clear that the formation of particles 
has been suppressed and that the state of transition did not 
change very much. The formation of particles was effectively 
suppressed by controlling both the oxygen concentration and the 
grain diameter. 

Comparative Example 1 

Next, a sputtering target having an oxygen content of 
200ppm and in which the maximum grain diameter of the target 
is 100pm was used, sputtering was performed thereto similarly 
with an actual production machine, and the accumulated power 
and formation of particles were observed. The results are shown 
in Fig. 2. 

Although the particles were conparatively suppressed low 
from the initial stages of sputtering up to the accumulated power 
reaching 1 5 OkWh, suddenburst of particles formation was observed 
in several places . The formation of particles increased rapidly 
up to 250kWh thereafter and also became unstable. 

Comparative Example 2 

A sputtering target having oxygen content of 30ppm and 
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in which the maximum grain diameter of the target is 15pm was 
used, sputtering was performed thereto similarly with an actual 
production machine as in Example 1 , and the accumulated power 
and formation of particles were observed. 

The particles were suppressed low from the initial stages 
of sputtering up to the accumulated power reaching 150kWh, and 
sudden burst of particles formation was not observed. The 
formation of particles increased gradually from the vicinity 
of SOOkWh thereafter, and exceeded the standard upper limit of 
particles, which are 30 particles of 0.3pm or more, at 300kWh. 

Conqparative Exan^le 3 

A sputtering target having oxygen content of lOppm and 
in which the maximum grain diameter of the target is 100pm was 
used, sputtering was performed thereto similarly with an actual 
production machine as in Exanqple 1 , and the accismulated power 
and formation of particles were obsezrved. 

Although the particles were con^aratively suppressed low 
from the initial stages of sputtering up to the accumulated power 
reaching 250kWh, sudden formation of particles was observed in 
several places along the way. The formation of particles 
increased gradually after the sudden formation of particles in 
the vicinity of 250kWh, and exceeded the standard upper limit 
of particles, which is 30 particles of 0.3pm or more, at 300kWh. 
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As described above, a phenomenon of significant forma-tion 
of par-ticles was observed due to the increase of oxygen and 
coarsening of grains. In particular, numerous formations of 
particles were observed when the grain diameter becomes large 
based on the coarsened titanium grains during sputtering. 

Industrial J^plicability 

Provided is a titanium target for sputtering effective 
in forming thin films of electronic devices and the like having 
an advantageous characteristic of being able to considerably 
reduce the number of particles formed during sputtering by 
performing sputtering with a high-purity titanium target capable 
of significantly reducing the iinpurity concentration of gas 
components such as oxygen, nitrogen and hydrogen and having a 
meucimum grain diameter of 20}m or less. 
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CLAIMS 



1. A -titanium -target for sputtering wherein -the oxygen 
contained In -the titanium target for sputtering Is 20ppm or less 
and the average grain diameter of said target Is 20\ub. or less. 

2 . A titanium target for sputtering wherein -the impurity 
concentration of gas components such as oxygen, nitrogen and 
hydrogen con-talned in -the titanium target for sputtering is 20ppm 
or less. 

3 . A titanium target for sputtering according to claim 1 or 
claim 2, wherein the Vlckers hardness (Vs) is 120 or less. 

4 . A titanium target for sputtering according to any one of 
claims 1 to 3r wherein -the to-tal content of alkali me-tal and 
alkali ear-th me-tal such as Na and K is 5ppm or less, the total 
content of heavy metal and light me-tal is lOppm or less, and 
-the to-tal content of radioactive elements such as U and Th is 
Ippb or less. 
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